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Abstract 



An electrochemical fuel cell is provided for converting a fuel reactant stream and an oxidant 
reactant stream to a reaction product stream and electrical energy. The fuel cell includes a 
membrane electrode assembly interposed between two separator layers. The separator layers 
are formed of thin electrically conductive sheet material which is substantially impermeable to 
the fuel and oxidant reactant streams. The membrane electrode assembly comprises first and 
second electrode layers formed of porous electrically conductive sheet material. The electrode 
layers have a catalyst associated therewith, and an ion exchange membrane is interposed 
between the first and second electrode layers. The electrode layers include passages, such as 
the interstitial spaces within the electrode material or grooves formed in the surface of the 
electrode material, for flowing a reactant stream between an inlet and outlet within the electrode 
layer. The incorporation of the reactant flow passages within the electrode material permits the 
use of thin, lightweight separator layers, thus providing higher power-to-volume and power-to- 
weight ratios than conventional fuel cells having reactant flow passages engraved, milled or 
molded in the separator plates. 
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igftlfc— »:^®}g(224aSr^-r-5SS224i. -€-©4>t}g 
fiK^n^c— «:iCO«226aS:*-r S^ffi2260FB^fC}fA$ 
n^c:'f:t>3S^M222<&'&tJ. l^^fC, KmS7-fe>:/ 

'j-230tts 5 oKmS7-t >:/'j -i30isiHe<jJci^ i; 

Ta&lp. ^©•t't}g^Snfc-flS5$OS234a?&*-rsll 

a234t. ^<D'p\zm0Si-^ntz—»i^com2Z6a^m-r^ 

m7±.yf^) -220tt-t/X U-^'-^240i:242©F4»Cif 
A^ftl. — JK®«T-fe>yU-230tt-fe/rU-^'- 
®242t244<7)F^t3jf A^nrVi-S. -fe/X 1^—^-^240 
««226ai:ffi|^L, Kffi226©<flCgE^b?PJSS*i£SjS^fc 
3Sit^BES226T*fiEbfeSJS:fefi!c4&*l»*-rSfc* 
®S*£i:*«fKK*iS5t-rs. 0 6 l^^f J; -5 fc, -feAU- 
^-e242W100«M«»224ai:tSI^L, *!5i|BjgK#:^ 
K®2240tf(CS^fc86©SJS#fiit8S?£:H^-r-5. "t/l 
^-^'-S2420Dffi©^®«S!236at®llU, (a5@236© 

U'-iS'-S244«j»234atffil^b, «Si|StgE{*:Sr^®234© 

^\zm^itisb<Dmsii^m^'t^. -ews^^ffliU'^oiT. 

•fenu-i5'-S244««246a<hiai5lL, pfflij?^ai>' V dr 

h2A(,<D^\z}^mmw^m^rci^(Dm^^m^-r^. 

P«*«Ojgb^'& O-t:/'^k-:S'-<i240« 
?&a>i^-V^r>y h246©Si246biai^L. ^tatf^tS-H^mm 
W^H^m'J^^V h2A%<D'ip\zmJ^1tlib<DTm,t:M'r 

K^-l" 7K^APV-*-;PH268, i^)®*^ 

AP-7-3}%— ;UK274, iKS7K5ll^i^PV-7l^— ;H<272. 

K^-f (*f&®) ^^APv-J^^-J^h•274, 

AP-7:^*:->lH-*276, ,^gffl^m/±iPV-7!s-;U K278, 
TKAP-^-zf;— ;Uh-280. 7K*^e.i^S§s^©-7-3f:— ;i/ 
K282, RCX7KaiP-7-:ix— ;i/H284S:^tJ. H7JC^T 
J;'5»C. D-'5r-:$'-Xtt^M-&t)-a-b;>t>ifc^S26 
Otc}^fi£^nTUi-5. ^S*^©AP-x':i*-;i/K270 
tt. *^«!S«sf8g#:SrVn3jN-;PH270*^^>8iS->-h« 
i|sf262©liira©'*> < fc«e>©A P 7 264S wr 
-5. mmz. $&S**©ttiP^:r7t>-;i'K272«, 
g£{**^ffi->- h«**262©Kra©4'*»e.i^S*Sl®m 
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□ v- Jjx-;P ^27204" tc«< fcftOtB □ 7 >:^— 266* 

266©MO^?LS->- h«i^262®WI»0+*85n 

07Att, ^?LS^mtt->-h««263®P^CiESbfc 
^^Aa5tJ265**-r-5SI7®ISS&*-r. ^^A«B«265 

fi, mi^<DfiittX$rAa7>:?— 264i:a3P7>:J— 2660 
rB^fC^^IEL, ^Oi^*. AP264t{lJ0266*ig^^O# 

0 8«. 0 7ro^®26O('MJS-r'5il^29O©M#^&^ 

©BaPg|5*'ft-r-5^7Lfl««tt->- h*r^2927?JgfiE$ 
n*. $&S^^©AP-7:z*-;PH276tt. i^Sbfcg! 

^^#^meStft:$-7-7}^-;i/ K276*^eB5Sv'- 
92CD^^<D4'f;:a^fe8e)COAP ^ >:J — 294S*-r-&. 
I^^tC. i!^S^5l©fflPV-3j>-;UH278«, j^Sbfc 
^^g?tfls<&i5S->- h«!)Bt292(7)|SgFB^04^*^ e.^^fcti P 
vnijx— ;l/ H278©4'tcS^fc»e)®aj □ ^ >:^— 296*^ 
f-S. AP^>:^— 29 

4^mP^>:^— 2960W<D#5.?ISS^- h WW292<DBira 

08A«. ^?L«^«ttv'-h*f!^293<7)4'{cEMLfc 
yAgB«295*«^fc0 8©lf@<£5^-r. yAgEtJ295 
«. g!<fc;aiJ©Mtl*AP5>:J— 294taiP7>-^ — 296 
(DfiWZ^W.'iy. ^comm. AP294tmP296*i^^^CCi 

■r^mm3io<Dm2<Dmm^7F^-r. mm26Qhmmz. m 
S3io«, m? <Dmm26o<DmmoimamzM^^t^m^ 

OBlPg|5*«-r-5^7LH^mtt->- h«*f312Tf^^$ 

n«). «ss*^wAP-7-*-;i/K270tt. yi^mmmm 

#:S:V-7)n— ;l/K270*>e. h !^43 1 2 (^1^ Pb-^ CD 4^ 

JC^<fcje)<DAP5>:^— 314<i:. AP 5 >::^— 314;i^e 
#yt«>/\y^^— S}318S'Wrs. i^S*3!l®aiP-7:r3fs 

-;uK272«> MS*4»^^Srii@>'- hi^msncDmmo'p 

mP7>-:?— 316t, ^iP5>:^-316*»^>#D:-i)'\•;/^^ 

-«32o?&^r-r-5. 7Ks!i*!S!pt«s<*tt. ^iLm'>-httm 

mmt. m9(DmmmzM!t--r^^m33o<Di-D(Dm 
«<£*-r. ^S33o«, mii<omm260(omomzM^^-t 

Sl!g»(DMPa5S#-rS#?LK^«tt>'- h**<SjTfPfi£ 

$n-5. $&S^^0DAP-7-7j^-;i/K276f4. i^&SUfc 
^*^W^Mfiit*<&-7::i3i^-;UH276A^^^11v— h« 
m3\2<Dmm(0^\zm<rzeb<DAay>i—3Z4ii. AP 
7>-:J— 334*^e.#l^-5'\-y^-Sl338?&Wr-5, 
tr, JtS^m®taPV-x}^-;UH278«. i^ML-rc^a 
8il«J^&SS'>- h«m320ISPBl©+*^e>^^l±iP-7;i 



3j^-;i'H278©'t>lC^<fc*®aiP7>:f-336t, 
5'-jf!340€:#-r-5. ^ 
?L»->- h**^332CDiera©«l'®'\-;/ii'-}g338i340® 

ffi260OMtH®MPgi5fC^fS-r-51tS®BBPg8**-r-5 

^Kmmmit'>-h^m352-ci^^^ni>, i^s*^® 

APvn*-;PK270tt, 7K^*S^SiE^*c*v-ih-;i'H2 
70*^e.l»a>'- h**«352<DBira®*fr«< fc«>OAP 
5>:^— 354. AP5>-^— 354*^^#tJfS'\>y^-«35 
8, RI/'s y ^'-«358*^ e.#y^TS^}-*mLfc«364* 
*&S7k^oa^p•T:^5l^-;H<272«. *K«EJSit{* 

^mmzy- h«J!sf352®Bsra©tt>*^6.)i&ji*5Roaov 

r^*-;UK272®4'fC^<fc*(7DffiP^>:) — 356. 

2S:wrs, R4j-d^n?af362tt, mu\z^Ti:^\zigim^ 

— h$imi2(Omr^(D'P<Dm'^ <Di&^i!}^nm362i:36i<D 
012«, 011<D|®a35OfC?*l£:T-5Stffi37O®S8«€^ 

to mmsmt, m§s.(Dmm260(Dmomznm-t^msc. 

^ffl^^©AP-7:^d^-JPF276«. 

H276*^ e.KfSv'- h W372 
®l?IPBlC04'JC^<fci6OAP5>:^— 374, ^y^-MZ 
78. Ryt'N :5^-?S378*^ e#Z/-5tfci}-*^tlP384*WT 

i^S2£^cotiiPv':::7is-;Uh-278tt, SSiSLfeSSm 
g5«c*llffi->- h**m32W|«ra<D'1'*^^^^ap-7- 

;l/ K278©tt'{C^< fcii6®ffi P ^ >:^-336. ^yi^ 
-S380. SUt'Ns/ ^^-ig380*^ e#tK-2)eiJ-*^njS382 
SWTS. SiJ-*mj»382tt. 012C^-rJ:3C«^5i-7a» 
tlfl!384i:*»*.-&^TV»«. l&SLfcBg3S-&*-^^«t^* 
tt. ^?L«->- hW!|6f3720EgFBlC94'®fli'!rroS»7!)^tl 
«382i:384®rBl. Sot's ^i^-jSi:P©t£^i-*^tl«<DFB^ 

■r-5M390®^4CD^<l^*-r. P@390ti. 0 7®^ 

ffi26o®H^rtB®MP^fe^c^ji£;■r•5^sla®MP^s{<&#■r■& 

#?L»®«tt>'-h***f392T?fPfig$nS. i^STKSfeO 
APv-*-jUK270«. 0i3J::s^-rj;at:. ■g-c:*^^ 
^*yt-5AP5>:^-394^#■r-5. i^S7K*®tHP-7- 

7jx-;PH272«. Ei*-r-5J:-p(c. ■?-c:*^e>ffr/-5tliP 

7>±-396**fS. l*®a«SLfcft*tO<feofe 

«398*«AP ^ >±-394i:tti P ^ 396$rlSS(ca§ 

—3mzm<, 

@14». @13®^«i390(C^^f ^^^410®^:^$^ 
f. »ffi410«, HiilB®^<1260®PgPgi5fCjt*f£;-r-5ffiSc 
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•5. ii^s^»oA□•7n3^^-J^H276tt. mwz^T^ 

*^^#CX■&aJ0 7>•:^-416S•*•■r•5. l^cDiSggL^ 
ft*«0<iaofc«4i8*<AP7>:>— 4i4tffin5>±- 

i4*^e.tBa7>:^-4i6{cS<. 

ST-t >:/ 'J - Steffi bfc 2 ajscD-€-n-eti©^i^sm 

©tttlt. 3i« (?g>iL) ®mS2aiKEl3tl4lC5^Ufc 
Sfi^fflb. 30/30psig©^^/*Sff©JE:t>. 70'C©ja 

m,vrc:a7.xat^vy—mt:m-r^mmtz-:>i,^x. m 
miiti2(Dmm<Dmm. m(DKMizm^^tz^ti^<o 

mo7>^TXW-:^y^ — hin±izm^^t. mmum 
o^x'm.mzm'pr^. :/py hB©*^*.^^^^©^ 

T'oy hA©«figJ;Ofcj£v»««6Sga[ffiiaTii5l> 
HJEU'^Jl/SriKI^L., «SiE^ie**1207>'<T/T:)^7 

S7-fe 'J - Lfc 3 ffllS©-?-n-?ti®*Rfsf«?ik 

©ttffit. 51^ (Sl^iL) ©mSRtX^lStHlCS^Lfc 

•5. j^lSf«?|fett:i-7^:t>117 (iPS0.007'f >5') 'f:t 

>32iai^^&^fflb, 30/30psig©^m/7K^©ff:^. 72 

rwiag, 2.o/2.o©^m/*^©it:^a^T'jieb 

it. Sit. S16©^i^«?ikttiS$0. 20^ >5^©^^7 7 
-f h-fe/'?U-^'-^?&^fflLit. «Stt/P$1.5inm©^ 

^ii?a'^-/t-*^?.f^fi£Lit. ^^©m^mflktt. 2^^ 



□ .t Hj □ * =fr s t i^g s ffl;^ fcii^fig ic u T ©m 

fiitS>« (7>^T/^W-:^y^-h) ©l3^tbT©mJE 
Sr^-r. 016©7'n-;/ hDtt. 013tl4©#lfig. gp*.. 
AaiffiPSrl^gBSiK-rs 1 *©il«l!©4SfTbitjS*W 
•r-5S@tifS©;^fi£fCOV^T©«gitS-S (T>'^7/ 
¥::&:7-('-h) ©^^i:LT©«ffi$r^-r. 016©>^a 

•>hE«, 09tio©«^. ip-^. mmii'mm(Dmmi>^ 

m<DRM\Zf^^^1tttm<Dmm\zm0SiVtc:fS7.Xni:^ 

y3^—m^^-r^mmiz-Di^T(ommB3i iTy^y/ 

^-ny^ — V) ©HS:i:LT©«]E^^-r. iTuvV 
C, D. EIC^fel^T. «gK^S*^^530 

y^- het±fc^tS i:SEEd*ii!?iO. h 

/^:^y^ -v^±.\zu^ ^zmma^m. h ^x-m 
&\t. :«f;^AP©*t i*©}»©«jg©:7'P'y HCtD 

Zfa^hC, D, E©-e-n-€^tl©^3gtt, t^JfeWi/^^ 

r-f h-:fu—b\zmmhrzKft:sit:<Dmm^^>:^)v^m 

^fcT'P-y hY©«|)^J:Ot), j£l»««SBft||[HtCt)Jt 

mm©ttt8Sr*-r. 0i7©jssi|sfm?fi©#-«f©«s«, 

\3tH\Z^t^O\Z, M©S^tC[^l,iit-€-n^,©*ffif- 
7 7'fXJ!)DXL/ta^©ffifTL/t«^*Lfe. mi|st«?fe 
tt:^r'^:^->117 (P$0.007-f -f *>3S!j^)K<£ffi 

fflb. 30/30psig©Kfl:?RI/7K^©JE:^, 72'C©iaffi, 
2.0/2.0©?5^/7K*©^b^a^TjlfeLit. m@©ip 
$1.5min©^^^iili»'^->'1-*^?>f^figLfc. M«ffi7-t 
>7^U-tt. jl$0. lOO'f >5^©i/7 7r-l' hff^fiKb 
fc^««©jp® («7a:L) •t/'?U-5'-:/W-K®Mfc 
JfALit. §^©t?Sm?t&*. ^7 7 5"f hSa©2t3© 

0i7©:/pyhE«, wt^miiVTm^'^m^m. m 
21%©!?^) ^mmt^m^iz-zn^^xommmm. (7> 

^7/'W-:^y^-h) ©M»tLT©^JE<&*-r. 017 
ffl-r^)«*iKfC-pl»T©«ggS>ffi©Mfa:t LT©mflE** 

> y U - Sr^ffl T ^ < T@g©JK!^««!l*« Ji« $ n 

^. «a«^©+©K*£:{*858S©^fl[®tt, m<xmmtj. 
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